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Grids	 Vegetation	 Airpave	 http://www.airfieldsystems.com/grass-pave/
Vegetation	 Grasspave2 http://www.invisiblestructures.com/grasspave2.html
Vegetation	 Geoblock	 http://www.prestogeo.com/geoblock_porous_pavement
Aggregate	 Stabilization	Grid	 http://www.landscapediscount.com/Ground-Grid-DuPont-p/dpgg-5055.htm
Aggregate	 Envirogrid	 http://iwtcargoguard.com/products/envirogrid-cellular-confinement-system/?gclid=COuKoeaOkscCFY4AaQodZ1AAnA
Aggregate	 Gravelpave2 http://www.invisiblestructures.com/gravelpave2.html
Aggregate	 Geopave http://www.prestogeo.com/geopave_porous_pavement
		
41		
		 Grasspave2	and	Geoblock	can	be	purchased	in	large	rolls	for	placement	over	extended	areas.			Rolls	of	each	can	be	disassembled	into	smaller	pieces.		Smaller	pieces	can		be	hand-placed	for	more	localized	repair	work	at	specific	locations.						Similar	systems	produced	by	the	same	manufacturers	for	aggregate	shoulders	are	Gravelpave2	and	Geopave	(Figure	22).		These	systems	perform	better	when	installed	over	an	aggregate	base	course	which	functions	as	a	drainage	layer.		Manufacturer’s	suggestions	for	base	course	include	material	ranging	in	size	from	0.1875	–	0.5	inches	(Figure	23).				Because	the	primary	function	of	the	base	course	is	to	act	as	a	drainage	layer,	any	material	with	good	hydraulic	conductivity	should	be	acceptable.		Acceptable	base	course	materials	include	Nebraska’s	47B	aggregate.		Theoretically,	any	material	with	less	than	ten	percent	passing	the	#200	sieve	could	be	used	to	construct	a	base	course.				
	Figure	22	-	Grids	for	Aggregate	Shoulders.			 	Infill	material	must	resist	vertical	forces	imposed	by	wheel	loads,	so	angular	aggregate	will	perform	better	than	smooth.		The	top	surface	of	infill	material	must	resist	movement	by	air	and	water,	so	larger	particles	will	perform	better	than	
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smaller.		However,	aggregate	particles	should	be	no	larger	than	one-third	of	the	reinforcement	cell’s	least	dimension	so	that	proper	compaction	can	be	achieved.					
	Figure	23	-	Recommended	Base	Course	and	Infill	Materials.			 														
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Chapter	6	
	Recommendations		
6.1	Research	Focus	and	Limitations	This	study	focused	on	documenting	methods	and	procedures	used	successfully	by	the	NDOR	districts	and	by	other	state	DOTs	to	mitigate	pavement	edge	drop	off.			The	goal	of	this	research	was	consolidation	of	institutional	knowledge,	making	it	available	for	dissemination	to	district	design	and	maintenance	personnel	across	Nebraska.			No	funding	for	field	trials	or	for	testing	of	recommended	pavement	edge	drop	off	mitigation	procedures	was	included	in	this	study’s	submission.					
	
6.2	Suggestions	for	Additions	to	NDOR	Publications	Suggested	changes	that	would	assist	with	dissemination	of	pavement	edge	drop	off	mitigation	information	via	currently	published	NDOR	documents	include	adding	specifications	for	construction	of	a	safety	edge	(Figure	24)	to	the	Roadway	Design	Manual	(NDOR,	2014).		
	Figure	24	–	The	FHWA’s	Safety	Edge	(Hallmark,	et	al.,	2006).	
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	 Initial	studies	by	Humphreys	and	Parham	(1994)	recommended	a	45o	safety	edge	sloping	downward	from	the	top	edge	of	the	overlay	toward	the	top	edge	of	the	existing	unpaved	shoulder.			A	30o	safety	edge	was	found	to	have	a	higher	degree	of	safety	regardless	of	the	degree	of	longitudinal	elevation	change	(Ivey,	2008)	and	was	much	easier	to	construct.			Crossing	a	30o	slope	has	roughly	60%	of	the	detrimental	effects	of	crossing	a	45o	slope	of	the	same	vertical	height	(Ivey,	2008),	so	the	safety	edge	ultimately	adopted	(and	promoted)	by	the	FHWA	incorporated	the	30o	(versus	45o)	angle.				A	safety	edge	can	be	added	to	bituminous	overlays	with	almost	zero	impact	on	productivity	while	adding	less	than	one	percent	to	material	costs	(Wagner,	2004).			The	Roadway	Design	Manual	could	be	modified	to	include	information	added	about	stabilizing	highway	shoulder	material	characterized	by	a	high	plasticity	index.		This	practice	is	already	being	required	by	the	NDOR	for	highway	subgrades.		Provisions	for	subgrade	preparation	could	simply	be	extended	to	cover	shoulder	material	as	well.		Reducing	the	plasticity	index	of	materials	used	for	shoulder	construction	will	limit	the	range	of	water	contents	over	which	the	shoulder	is	most	subject	to	rutting.				Specifications	for	soil	that	has	the	ability	to	support	vegetation	growth	(on	highway	shoulders)	could	be	added	to	the	Roadside	Vegetation	Establishment	and	Management	(NDOR,	2014)	guide.			Specifications	might	include	the	requirement	that	only	topsoil	can	be	used	as	the	shoulder’s	surface	layer	where	vegetation	is	the	desired	surface	cover.		Compaction	could	be	limited	or	prohibited,	as	compaction	minimizes	void	space	needed	for	successful	root	development	as	vegetation	matures.			
6.3	Suggestions	for	Future	Research	District	maintenance	personnel	may	wish	to	experiment	with	raw	edging	and/or	strip	sealing/edge	sealing	(mentioned	under	Texas	Initiatives)	as	methods	to	extend	the	lifespan	of	asphalt	overlays.			Cost	of	these	strategies	is	significantly	less	than	for	fog	sealing	or	chip	sealing	applied	across	the	entire	width	of	pavement.			
		
45		
These	procedures	are	considered	to	be	both	effective	and	economical	and	are	used	extensively	by	the	State	of	Texas.			
	 During	TAC	meetings,	several	research	initiatives	were	suggested	that	have	the	potential	to	provide	valuable	data	which	could	improve	highway	shoulder	drop	off	mitigation	procedures	in	Nebraska.		Some	of	these	include:	
• Field	testing	to	determine	whether	broadcast	seeding	or	drilling	produces	thicker	and	more	uniform	shoulder	vegetation.		
• Field	testing	to	determine	whether	the	current	practice	of	placing	cattle	manure	on	unvegetated	highway	shoulders	encourages	satisfactory	establishment	of	local	vegetation.			
• Field	testing	of	soil	reinforcement	meshes	and	grids	using	agricultural	machinery	and/or	cattle	as	loads.			
6.4	Conclusions		 	Current	NDOR	practices	will	mitigate	many	of	the	problems	associated	with	pavement	edge	drop	off	as	they	become	more	commonly	employed	on	Nebraska	highways	in	future	years.			The	most	economical	way	for	the	NDOR	to	mitigate	present	and	future	hazards	associated	with	pavement	edge	drop	off	is	to	issue	resurfacing/reconstruction	contracts	that	require	providing	a	stabilized	shoulder	flush	with	the	pavement	surface	as	an	integral	part	of	each	contract.			All	resurfacing	contracts	for	lanes	with	unpaved	shoulders	should	require	that	the	pavement	be	constructed	with	a	30°	safety	edge	per	FHWA	guidance.	Effective	shoulder	maintenance	requires	many	different	strategies	depending	upon	climate,	soil	composition	and	type	of	shoulder	material.		Most	NDOR	districts	have	multiple	variations	of	climate,	soil	composition	and	type	of	shoulder	material	to	consider,	which	necessitates	that	maintenance	personnel	apply	the	most	appropriate	strategy	for	many	differing	sets	of	conditions.			NDOR	district	maintenance	personnel	seem	to	have	adapted	well	to	this	challenge	and	are	either	using	or	experimenting	with	strategies	that	effectively	mitigate	pavement	edge	drop	off	in	a	wide	variety	of	situations.			
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